Introduction
There are many in-vitro methods now used to determine thyroid function, of which the estimation of total thyroxine (T-4) in serum based on competitive protein-binding analysis introduced by Ekins (1960) seems to be increasingly accepted as a specific and reliable procedure. A good correlation between serum T-4 concentration and thyroid function has been shown (Murphy et al., 1966) . An The percentage binding of T-4 to thyroxine-binding globulin (TBG) is 60% and to thyroxine-binding prealbumin and albumin, respectively, 30% and 10%. A variety of diseases and drugs may influence the binding capacity and concentration of these proteins, especially of TBG (Selenkow and Ingbar, 1970) . As a consequence of raised TBG concentration, for instance, euthyroid women taking oral contraceptives or pregnant women may have a raised serum T-4 level (Murphy et al., 1966; Goolden et al., 1967) .
The estimation of the true free T-4 concentration gives the quantity of hormonally active T-4 and is not influenced by binding-protein abnormalities. Technical difficulties are the principal reason why this determination has been considered only as a research procedure until now. Clark and Horn (1965) introduced the free T-4 index: they divided their protein bound iodine (P.B.I.) results by the respective T-3 resin uptake values, thus correcting for bindingprotein abnormalities. They showed that this index was proportional to the concentration of free T-4, assuming that this triiodothyronine resin uptake (T-3 B.C. index) was proportional to the concentration of free sites on T-4 binding proteins. Wellby and O'Halloran (1966) reported a highly significant linear correlation between the free T-4 index and the free T-4 concentration. They showed the usefulness of the free T-4 index as an index of thyroid function in routine diagnosis in patients having binding-protein abnormalities. To get this free T-4 index, however, one has to carry out two separate determinations for total T-4 (or P.B.I.) and for T-3 B.C. index.
Recently Thorson et al. (1972) described a new in-vitro test for the determination of thyroid status, which they called the effective thyroxine ratio (E.T.R.).* The authors claim that this test has a high diagnostic accuracy (99%) and that the results are proportional to the free T-4 concentration. Wellby et al. (1973) studied 76 patient sera and reported a linear relationship (r=0 93) between E.T.R. and free T-4 concentration. This could be confirmed by others (Rudorif et al., 1973) .
Because we were interested to know whether this rapid single procedure could replace our more time-consuming free T-4 index determination we compared the results of E.T.R. and free T-4 
Patients and Methods
For this study 181 sera were randomly chosen from the samples which were sent routinely to our laboratory for evaluation of thyroid function. Four determinations were carried out on each sample, the T-3 B.C. index, T-4, free T-4 index, and E.T.R.
T-3 B.C. Index.-The ResOmat kit* was used according to the instructions supplied with the kit. This is essentially the procedure described by Brookeman and Williams (1971) . The T-3 B.C. index was calculated as: T-3 B.C. index = (c.p.m. (patient serum)/c.p.m. (pooled serum) ) x factor. The factor of the value giving the T-3 B.C. index of the pooled serum was obtained with each kit.
Total T-4.-T-4 was estimated by the procedure described by Thorson et al. (1970) (commercially available as ResOmat T-4 kit). The standardization was carried out with standard sera rather than with the alcoholic standards obtained with the kit. The importance of this standardization procedure has been described by us elsewhere (Crombag et al., 1973) . One of us (F.C.) used a procedure as published by van Oers and Gijzen (1972) with some minor modifications, and there proved to be no systematic differences between these two methods.
Free T-4 Index.-This was calculated as follows: free T-4 index=Total T-4/T-3 B.C. index. Because the T-3 B.C. index is an index and as such without a dimension and the total T-4 is expressed in nmol/l. the free T-4 index gets the dimension of the total T-4 and should be expressed in nmol/l., though the term index suggests a dimensionless number.
Effective Thyroxine Ratio.-The E.T.R. was determined by a procedure described by Thorson et al. (1972) (ResOmat E.T.R.). By slow addition of 1 ml patient (reference) serum to 2 ml extraction alcohol, vortex-mixing for 30 seconds, and centrifuging for 10 minutes at 4,000 r.p.m. about 800o of the T-4 was extracted from the serum. An aliquot of 0 3 ml of the supernatant was pipetted into a capped phial containing 4 ml radioactive reagent. To each phial was also added an entire Microcap pipette (Drummond Scientific Co., Broomall, Pennsylvania, U.S.A.) containing 5 /il of the corresponding patient or reference serum. A resin strip (ResOmat) was then inserted into each phial and the phials were rotated on a rotatory mixer (about 16 r.p.m.) for 60 minutes. The strips were removed and the phials counted in a well-type gammacounter for one minute. E.T.R.= (c.p.m. (reference serum)/c.p.m. (patient serum) ) x factor. The reference sera with known E.T.R. were obtained in the kit.
Reproducibility.-After twenty-fold analysis of a serum pool the following variation coefficients were determined: E.T.R.
1-100/, T-3 B.C. index 222%, total T-4 500. The extraction procedure seemed to be the least reproducible step in the T-4 determination. Multiple analysis of unknown sera by our three laboratories did not reveal interlaboratory differences.
Normal values.-The sera of 42 apparently healthy Red Cross blood donors were analyzed independently in our laboratories. We assumed a normal distribution in this case. The normal values thus obtained differed markedly from the values given by the supplier of the kits. Also in these determinations no systematic interlaboratory differences were detected. Our normal values were E.T.R. 0-89-1-04; T-3 B.C. index 0-88-1*06; total T-4 75-133 nmol/l.; free T-4 By use of the Pearson product-moment correlation calculation the correlation coefficients shown in table I were calculated. A statistically significant correlation was shown between E.T.R. and free T-4 index (r =0-84; P <0 001). Because we considered the use of the Pearson product-moment correlation calculation to be incorrect, for reasons which will be discussed later, we also used a non-parametric rank correlation, the Spearman rank correlation (Siegel, 1956) , which by definition is distribution independent. The results obtained using this technique are shown also in table I. Though a statistically significant (P < 0 001) correlation was shown between the E.T.R. and free T-4 index (r=0-68) it was clearly poorer than that obtained by means of the Pearson methodology. (Selenkow and Ingbar, 1970 tion of the T-3 B.C. index is therefore susceptible to several interferences. Thorson et al. (1972) reported that the ResOmat T-3 B.C. index determination discriminated poorly between normal and pathological thyroid function: 23% of hyperthyroid patients had a normal T-3 B.C. index, and 89% of the group of pregnant women and those taking oral contraceptives had an abnormal high index. The unreliability of the T-3 B.C. index as a single thyroid function test is confirmed by Rudorff et al. (1973) . Though the value of the T-3 B.C. index seems to be in no doubt in pregnancy or when oral contraceptives are used in other cases the interpretation is much less clear.
To obtain the free T-4 index the T-4 result is divided by the corresponding T-3 B.C. index value to correct for possible T-4 binding protein abnormalities.
In the E.T.R. procedure unlabelled T-4 is added to the reaction mixture in the form of an alcoholic serum extract. This will result in a partial displacement of the radioactive T-4 originally bound by binding proteins in the reaction mixture. Thereafter an aliquot of patient serum and a resin strip are added to the phial, and there will be a competition between the resin strip and the binding sites of the added serum for the liberated labelled T-4. In this way a correction for binding-protein abnormalities in the patient serum is obtained on a chemical basis in the phial instead of with the help of a separate binding index determination and a separate calculation. Moreover, with the E.T.R. determination the T-4 binding capacity is measured instead of the T-3 binding capacity, as in the case of the T-3 B.C. index.
In our opinion the correction for binding-protein abnormalities via the T-3 B.C. index, as takes place when the free T-4 index is calculated, is more trustworthy than the chemically regulated correction which is more or less automatically and uncontrollably applied when measuring the E.T.R. The results shown in tables II and III support this argument. It was therefore not surprising to us that a rather poor correlation was obtained between the E.T.R. and free T-4 index.
A number of investigators have already reported on their experience with E.T.R. measurement. Thorson et al. (1972) found a diagnostic accuracy of 99% and 98% for the E.T.R. and free T-4 index respectively. They defined the term diagnostic accuracy as the percentage of vaihics which agreed with the clinical diagnosis. The use of this approach, however, can be criticized on the grounds that an objective measurement is compared with a subjective clinical impression. The danger of this type of comparison has already been discussed in the literature Harvey, 1971; Gimlette and Clarke, 1969) and for these reasons we preferred to compare the results of two techniques which claim to give the same information. Mincey et al. (1972) showed a linear relationship between E.T.R. and the free T-4 concentration and between the free T-4 index and the free T-4 concentration. It seems logical, therefore, that they also obtained a linear relationship between E.T.R. and the free T-4 index (r=098). Rudorff et al. (1973) Thorson et al. (1972) should be interpreted differently.
Because in retrospect our own sample was neither normally distributed nor strictly random we would like to point out that the differences in correlation between E.T.R. and free T-4 index values as shown in table I when compared with the Pearson correlation calculation show the flattening effect due to the incorrect application of the correlation calculation.
Conclusions
We found a correlation between E.T.R. and free T-4 index which was poorer than could be expected from the literature (Thorson et al., 1972; Wellby et al., 1973; Rudorff et al., 1973) . We think there are two explanations for this fact: firstly, the E.T.R. uses a different method of correction for binding-protein abnormalities, and, secondly, the statistical approach we used is more justified. At present there are no convincing reasons for us to use the E.T.R. determination instead of the free T-4 index determination as an index of thyroid function.
